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Introduction 


Although viruses offer an attractive explanation 
for the etiology of some forms of chronic progres- 
sive central nervous system (CNS) diseases in man, 
etiology has only been proven in a handful of 
cases. Among them, subacute sclerosing panen- 
cephalitis (SSPE) is a rare late complication of 
childhood measles characterized by a long time 
span between the initial attack and the onset of 
SSPE. This latent or silent phase may be a decade 
or longer, and the interaction between virus and 
host during this interval is poorly understood (Ter 
Meulen and Hall, 1978). Progressive multifocal 
leukoencephalopathy (PML) is another virus-in- 
duced chronic progressive disease of the CNS 
(Weiner et al., 1972). In this case, the infectious 
agent is a DNA-containing papovavirus. Infection 
with the PML agent is common but progression to 
the fatal chronic gray matter disease is rare, occur- 
ring most frequently in association with immuno- 
suppression or as a complication of acquired im- 
munodeficiency syndrome. As in SSPE, the factors 
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which separate the self-limiting benign infection, 
which occurs in most individuals, from the lethal 
disease are poorly understood. 

There are circumstantial data to support the 
suggestion that viruses cause human demyelinat- 
ing disease. Norrby and coworkers (Norrby, 1978) 
described oligoclonal IgG specific for measles and 
other common human viruses in the cerebrospinal 
fluid of MS patients. Measles virus and the closely 
related paramyxovirus canine distemper have been 
implicated by epidemiological studies showing an 
association of antibodies to these viruses with MS 
but insufficient evidence is available to establish a 
causal link. It is precisely these difficulties in 
establishing a causal relationship between viruses 
and MS that has led us and others to focus on 
well-established animal models of CNS disease 
(Lampert et al., 1973; Weiner, 1973; Sturman and 
Holmes, 1982; Stroop and Baringer, 1982; Koolen 
and Buchmeier, 1986). Using such models, factors 
such as the age, genetic background and immune 
status of the host and the strain, dose and route of 
inoculation of the infecting virus can be controlled 
and manipulated. A detailed understanding of the 
functions of specific macromolecular components 
and genes of viruses and their interactions with 
the host in disease will yield greater insight about 
the molecular basis of viral CNS pathogenesis. 
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Mouse hepatitis virus strain JHM is a neuro- 
tropic coronavirus, a group which also includes a 
number of human common cold agents (Sturman 
and Holmes, 1982). Infection of susceptible 4- to 
6-week-old mice by the intracerebral or intranasal 
route with wild-type virus causes a fatal encepha- 
lomyelitis characterized by widespread destruction 
of CNS neurons, particularly in brainstem and 
hippocampus, accompanied by demyelination. Re- 
sistance to the lethal infection was shown by 
Knobler et al. (1981) to be controlled by a single 
autosomal dominant gene located on chromosome 
7, and the effect is seen both at the level of 
macrophages and neurons. A small fraction of 
these mice survive encephalitis and go on to de- 
velop chronic demyelination. Several laboratories 
have demonstrated attenuation of the encephalito- 
genic properties of the virus using ts and sponta- 
neously arising mutants of MHV-JHM. In these 
models infection with the attenuated virus results 
in a high incidence of demyelinating disease 
without encephalitis. The best characterized 
mutant is the ts 8 mutant of Haspel et al. (1978). 
In ts 8 infection, demyelination is a direct result of 
infection of the oligodendrocyte, the cell which 
forms and maintains the myelin sheath in the 
CNS, thus the disease is referred to as a primary 
demyelination. Similar attenuation with de- 
myelination has been reported for an MHV-JHM 
variant ds (Stohlman et al., 1982) and for the ts 
342 mutant of MHV-AS59 (Koolen et al., 1983). In 
the latter case revertants of ts 342 regained wild- 
type pathogenicity, suggesting that the mutation 


TABLE 1 


PROPERTIES OF ANTI-E2 MONOCLONAL ANTIBODIES 


responsible for ts phenotype was linked to the 
gene responsible for attenuation. 

MHV-JHM contains three major structural 
proteins including a 56-60 kDa nucleoprotein and 
two glycoproteins, El and E2 (Sturman et al., 
1980; Niemann and Klenk, 1981; Sturman and 
Holmes, 1982). Glycoprotein E1 is a 25 kDa trans- 
membrane glycoprotein which bears O-linked 
oligosaccharides. E2 is a 180 kDa glycoprotein 
which forms the peplomer or spike of the virion 
and is composed of two non-identical 90 kDa 
polypeptide chains in a dimer (Sturman et al., 
1985). E2 is responsible for a number of important 
biological activities of the virus including neutral- 
ization by antibody, attachment to cellular recep- 
tors, and cell-cell fusion (Collins et al., 1982). We 
have raised a library of monoclonal antibodies 
against the MHV-4 structural proteins and used 
these to study the formation of the viral poly- 
peptides as well as the influences of specific im- 
mune responses against them on development and 
course of acute and chronic disease (Buchmeier et 
al., 1984). Using this approach we have shown 
that antibody against specific determinants on 
glycoprotein E2 were sufficient to alter the course 
of MHV-4 infection from fatal encephalitis to 
chronic demyelinating disease. 


Results and discussion 


Monoclonal antibodies (MAb) mapping to three 
topographically linked sites on MHV-4 E2 have 


BALB/c mice were given 150 yl of ascites fluid containing the indicated antibody, then challenged one day later with 100 LDgp of 
MHV-4. Protected mice (+) survived indefinitely while unprotected mice (—) died within 7 days after challenge. 


Monoclonal ? 


5B19.2 5B170.3 5A13.5 4B11.6 5B21.5 5B93.9 5B207.7 5B216.8 
Epitope E2A E2A E2B E2D E2D E2E E2E 
Western blot + + - + + + at 
In vitro 
neutralization + + + — — = = 
In vivo 
protection + + + - a = pet 


4 PRDz titer + =>1/100; — = <1/20. 
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PRD,, NEUTRALIZATION TITERS OF MONOCLONAL ANTIBODIES MEASURED AGAINST VARIANT VIRUSES 


MAb Virus strain 

wt MHV-4 V5A13.1 V5A13.2 
5B19.2 7900 12600 17800 
5A13.5 31600 250 200 
4B11.6 15 800 36 90 


been identified (Talbot et al., 1984b). Two of 
these, 5B19.2 (epitope E2A) and 5A13.5 (E2B) 
were previously shown in passive transfer experi- 
ments to protect mice from lethal encephalitis 
(Buchmeier et al., 1984). The third MAb, 4B11.6 
(E2C) neutralized virus in vitro but did not pro- 
tect mice against challenge in vivo. These proper- 
ties are summarized in Table 1. 

We selected variants from 3X cloned virus 
stocks by incubating in excess antibody for 30 min 
at 37°C, then plaqued the surviving virus in the 
presence of antibody. Plaques which escaped neu- 
tralization were selected and subjected to a second 
round of neutralization. Stocks were then grown 
and rechecked for resistance to antibody. We ob- 
served a frequency of true variants in the initial 
population of 10~*3 to 10~*°, a rate consistent 
with other RNA virus systems (Laver et al., 1979; 


Monoclonat Virus Steain 
Antibody Neut.  MHV-4 wt ts8_VSA19.1 V5A13.2 V5AI3.3 4811.1 V4B11.2 v4B11.3 


s819.2 + e e e @ e e @ 6 
$8170.30 + e @ e e e e e e 
SAIRS + e e Ss Oo Qa ) e) 1.) 
4B11G + @ e Oo CS @) ro) oe) Oo 
5B21.5 0 - e@ e e @ e@ e e e 
5893.7 - e e @ e e e @ e 
98207.9 0 - e . e ® & e e 
582168 0 - e@ e e e e e e e 
1.2 - e e o) eS e e @ O 
J718 + e e Oo ie) ie) 1?) Oo @) 
12.2 + e e oO Oo o) Oo ©: ie) 
57.2 + e e e) @) O Oo O 2) 
J25 - e e @ e e © © e 
2.6 + e e e e e e e e 
Al - e e e e e e e e 
J75 + e e e) Oo oO @) @) @) 
8 + e e 1?) Oo Oo ce) Oo Oo 


Fig. 1. Reaction of variant and wild-type MHV-4 strains with 

monoclonal anti-E2 antibodies. @ indicates strong positive 

reaction; © indicates weak positive reaction; © indicates no 
Teaction. 


V5A13.3 V4B11.1 V4B11.2 V4B11.3 
11200 6 300 7900 7900 
400 125 160 140 
80 36 40 20 


Dietzschold et al., 1983; Minor et al., 1983). Three 
variants each selected using MAb 5A13.5 and 
4B11.3 were chosen from a panel of over 30 for 
further study. We were surprised to observe that 
variants selected with either antibody were re- 
sistant to neutralization by both (Dalziel et al., 
1986) (Table 2) and further studies with a panel of 
monoclonals raised against MHV-JHM E2 inde- 
pendently by Dr. John Fleming further substanti- 
ated this observation (Fig. 1). It appeared then 
that selection of neutralization-resistant variants 
at either the E2B or E2C sites induced conforma- 
tional changes reflected in both sites. We know 
from previous studies (Talbot et al., 1984a) that 
both of these sites are predominantly conforma- 
tional in nature. 

With the knowledge that we had selected 
variants, we were interested in determining 
whether the antigenic changes resulted in altered 
virulence. We determined LD, values for repre- 
sentative variants (Table 3) and observed 200- to 
> 4000-fold decreases in neurovirulence following 
ic. inoculation relative to wild-type MHV-4. 

At the histopathologic level, mice infected with 
either class of variant had moderate inflammatory 
lesions in the white matter of their spinal cords 
and brains early in the infection at days 4-15, and 
subsequently developed extensive demyelinating 


TABLE 3 


LD,, VALUES OF WILD-TYPE AND ATTENUATED 
MHV-4 STRAINS 


Virus pfu/LD., * Attenuation factor 
relative to weight 

wt < 0.45 1 

V5A13.1 > 1800 > 4000 

V4B11.3 > 95 211 


* Measured by Reed and Muench assay on BALB/c ByJ mice. 
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TABLE 4 


VIRUS RECOVERY FROM TISSUES FOLLOWING WILD-TYPE AND VARIANT INFECTIONS 


Virus Tissue Day of isolation * 
2 4 7 15 
wt Brain 5 x10’ 1 x10° 4x 10° NA® 
Liver 5 x10? 1 x104 3x 10* 
V4B11.3 Brain 2.5 x 10? 1.9 x 103 <4x10!° cocultivation 
Liver 2 x10? <4 x10! <4x10! 
V5A13.1 Brain 3.1 x 104 1.4104 <4x10! 2 
Liver 2 x10? - <4x10! 


* Titer in pfu/g of tissue. 


> NA, not available; wild-type-infected mice died prior to this time point. 


© Limit of detection. 


Fig. 2. Plaques of demyelination in the spinal cord of a mouse 
32 days after infection. Reproduced with permission from J. 
Virol. (1986) 59, 463-471. 


Fig. 3. Demyelination and early remyelination in the spinal 
cord of a mouse 22 days after infection. Paraphenylenediamine 
stain ( x 8000). 


lesions (Fig. 2). We observed remyelination begin- 
ning around 3 weeks (Fig. 3) but demyelination 
apparently continued since lesions observed 50 
and 65 days after infection were severe and showed 
evidence of both recent and old foci (Fig. 4). We 
found no significant evidence of neuronal involve- 
ment, suggesting that the E2 variants had lost 
neurovirulence in a manner similar to ts 8 (Haspel 
et al., 1978). 

Apparently, replication of the variant viruses is 
not fulminant in the CNS. We were only able to 
isolate virus by cocultivation by 15 days after 
infection (Table 4), but the virus which was re- 
covered retained the antibody-resistant variant 
phenotype. Thus, paradoxically, the virus-induced 


Fig. 4. Extensive demyelination in the spinal cord of a mouse 
50 days after infection with remyelinating axons (arrows) 
(500). 


pathology persisted in the absence of demonstra- 
ble infectious virus. The possibility exists that 
stimulation of specific cell-mediated immune re- 
sponses against viral antigens and/or host compo- 
nents such as myelin basic protein (MBP) are 
triggered in the infection and contribute to the 
chronic demyelinating disease. Alternatively virus 
may persist in limited cell populations such as the 
basal ganglia (Fishman et al., 1985) and continu- 
ally re-initiate the demyelinating disease at the 
primary level. We have addressed the first of these 
two alternatives. In recent studies with the ts 342 
strain of MHV-AS59 we have demonstrated signifi- 
cant levels of proliferation measured as [*H]thy- 
midine incorporation when lymphocytes from 
virus-infected mice were cultured in the presence 
of either viral antigen or MBP. Responder cells 
were shown to be T-lymphocytes and were re- 
duced to baseline levels by in vivo depletion of the 
L3T4 subset. We are currently studying this re- 
sponse at the cellular level, cloning the responder 
cells, and probing to determine the fate and ex- 
pression of our attenuated variants of MHV-4 in 
the CNS during acute and chronic demyelinating 
disease. 

These studies illustrate that mutational changes 
in a specific viral glycoprotein, E2, are reflected in 
pathogenicity differences in vivo. We hope that 
defining such changes at the molecular level and 
their effect on cellular tropism and replication in 
the CNS will lead to a better understanding of the 
pathogenesis of virus-induced CNS disease in man. 
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